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ABSTRACT: 

PROBLEM TO BE SOLVED: To provide high energy density and a high 
voltage by 

providing an olivine structure and using a compound having a specified 
composition. 

SOLUTION: This compound is represented by 

LiM<SB>1 -</SB>XMeXPO<SB>4</SB> (M: 

CO, Ni, Mn; Me: Mg, Fe, Ni, Co, Mn, Zn, Ge, Cu, Cr; 0≤x≤0.5). 

Preferably, an olivine structure has an orthorhombic symmetry having an 

orthorhombic symmetry space group Pmnb. Also, when the vales (a), (b) 

and (c) 

of the unit grating parameter of an orthorhombic phase are 
LiMnPO<SB>4</SB> 

LiNiPO<SB>4</SB> and LiCoPO<SB>4</SB> these are preferably values 
within 

specified different ranges. Preferably, the compound having the olivine 
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structure is included in an electrode as a positive electrode active material 
for a lithium battery, and preferably a negative electrode active material 
selected from this, electrolytic liquid, Li, and Li alloy, 
Li<SB>x</SB>SnO<SB>2</SB> and a carbon material is provided in the 
battery. 
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IPS] Kx*/i^-3E?jgT\ JMffi5r'Jf">A«flt* 

ttflTOtM:* ^y^>-CTffiji^frt§^ LiMi-xMexPO 
4 (M:Co, Ni, Mn, Me : Mg, Fe, Ni, Co, Hn, Zn. Ge, 
Cu, Cr) (Ogx^O.5) X'mZtL&iStyl'K. 
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[Mif^l ] aryb'yflBS£*U * LiMi-xMexPO 
4 (M:Co, Ni, Mn) , (Me:Mg, Fe, Ni, Co, Mn, Zn, G 
e, Cu, Cr) (O^xSO.5) ?&ZtlhZb&ffii£ti> 

LiHnP04O^fctia=6.11±0.50A. b=10.46±0.50 
A, c=4.73±0.50A. LiNiPO»^^-(C(±a=5.86±0.5 
OA. b=10.07±0.20A. c=4.68±0.50A. LiCoP04<9 
i§£«2a=5.92±0.50A, b=10.21±0.50A. c=4.70 

±o.50A-r** it fewat 2 tB«<oy f- 

zttimt-ti mem 2 Mm?) v+v ABMRtiSb 
*. 

[ tttJS 5 ] §t$£ i y f-? Am^jswi* y 

[aKBi6] i*#l5i88tf>«ffii:» Li. Li- 

££ N LixSn0 2 , &tf|R«ttSTft4flffiffi«rttfc*iiB 

f-^eflb&wt**. yf-^A««u, 

«v*«£Eatfx;M^HR***LT*J*K **oWffl¥ 
4«LilcHBtt4ffi^tttf5mBwfc4t>t:. ft**re&5ry 

4 £ ticket rijf.?£>f:tyjTO&fcfMW-&fcV> 

fA'Pifia****. SttLiH0 2 (M:Co, Ni ) [Mat. Res. 
Bull. 15 (1980) 783, J. Appl. Phys. 19 (1980) 30 

5] &tfH&7CXtr*;U§5Kfl:ftLiMn204 [Mat. Res - 
11. 18 (1983) 461, Mat. Res. Bull. 19 (1984) 179] 

uaws+EWEtf y f-^AtJt Lxmw<7>&mzh y , 

yf-^A>f*>«SfflfiOB^W**y-Kt5roTV^ 
4. Efc«fffc$roT. ffi^S^V-KttfWy-f-f 

-ffc&feHL LixM2(P04) 3 (M : Ti , V, Fe ) Slflfc (S04 ) 3 
(H : Ti. Fe) [Solid State Ionic 92 (1996) 1] =5rfc* 
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ONasiconR3i3I>t^^ ffl^c ? nt S „ 

[MBfeUKfrf *iWB^B&tt. yf ? 

exP04 (M:Co, Ni, Mn) , (Me : Mg, Fe, Ni, Co, Mn, Z 
n, Ge, Cu, Cr) (OSx^O.5) T'$kZtl, Ztidlt. ft 

10 xmm&RVgmmpmbZtti * y t'>fl&ji£M 

4*>\ iiiHHgSni»t(7)t'<i^v\ 
[SOtWl 1 Li 2 CDs . MnCOs, fttfOfUhHPOi 

cOLiMnPOtSrSMiLfc. £OS£ft£&1flfcto<7)3?|J$ 
Tfy-?^U 400kgf/cin 2 t1lllffiLT^^'/ M-U & 
20 iZAWClzH^X^^VA^m^L. %<Tfik. 800"C 
ti3^T24B#raML^. 

[Hfe0IJ2] LizCOs. MnOfe, (NlfchHPtk. Mtffc&O 
i^WifiK^O, BP*.. LTFeC204,2H 2 

i-xMexP04 (Me:Mg, Ni. Co, Fe) SrPHSUCo ^«0?I 
^t*J^ft*]t*<0'3?L#'C^ OO^L. 400kgf/cm 2 tUP 

30 ;W8U 800 < 'C^fcV^-C24B$raSll»L^. ^ 

[HHfe^J3] Li 2 C0 3 . NiO, &tf(NH4)!HP0ia»£j84fl: 

t y ^ L- > 400kgf /cm 2 TlJQjE L T^V -y Me I . <Xl3 

35<rck:fev^Ta«a»Tr8B«ajWRL, *<ott. 750 

•Ctfc^T15B$SJp^U^. 

[HMflJ4] Li 2 CDs . MnC0 3 , (NH4) 2 HP04. Ml^fc^tfO 
3%C0^-fn*^-O. fifl*>. &«*&St L-CFeC 2 04,2H 2 
40 0. V^^^Aft^jSi L-TMgO. ZJWbWmtl, 
■CC03O4. XfiV>-^tt^iiittTMnC03*><b«l»^ 

Nii-xMexP0 4 (0^x^0.5) (Me:Mg, Mn, Co, Fe) 

mitz. z^^m^mmzit)C7)o9Mx-t*)^L. 

400ksf/cm 2 -CJ!lDffiLT^U-y M~U <XiZ3&rOZt}^ 
TS»+T8«H*»«IL. ^<Otts 750°Cti3 IVC24B$SI 

[SS5fe^]5] Li 2 C03. C03O4. at) f (NH4)2HP04*^acS 

50 flssjuftjtwa^fttffiv^rsRCcjioT. *«w 



11/06/2001, EAST Version: 1.02.0008 



(3) 

3 

oucoPQizmmit:. ioa-&*feMj*£»tf)oft» 

TfOoiit. 4(Wkgf/cD 2 TfinELT^7M;:U & 

9U "f 9"X£U fftMOOkgf/c^rMELT^Wb 

[fSSfcfll6] Li 2 C03. C03O4, (NJUhHPCk, MWcftcD 
3feCDlvfti#~o, BP*>< «cfttt«fcLTFeCi04,2Hi 

TNiO, XJiv^tffflWMBi: LTMnC03*^^5-fL^* 
3Mt«offl£W* ffl v ^HSSJEt iot. #5HBtf>Li Co 10 

i-iMexP0 4 (O^xSO.5) (Me : Mg, Mn, Ni, Fe) £!B£! 
Lit. ioa^ftiftfttft^^SJ^TtO^L, 40 
Okgf/ctf-ejPJELT^l-y M=U <Kte350t:«ci3VvC 

ff~>£. H1A.1B.1CJ4. ^ft^^SMJIfcflS-oTftfcft. 
Tta^LiMnPO*. LiNiPOu LiCoP04<7)X&@iffA , ?->< 

* B B B SM»tta^r B Wninbt|liJR-C# 5. LiMnP04<7)X 
H[llM>'^-y<50!)»JBfitS*^il^LiMnP04 CO^fiflS 20 
VU^-flt. a-6.11+0.5A. b=10.46+0.5A. c 
=4.73±0.5A ; LiNiPfcfc^SWftffi^t?;*-* 
J4. a=5.86±0.5A, b = 10.07±0.2A, c=4.68±0.5 
A ; LlfoP0*l;3frf Mlfl^^5*-*H\ a=5.92± 
0.5A, b=10.21±0.5A, c=4.70±0.5AT'£>S. 02 
(4. LiCoP0 4 0-yM 7 U -y h >J 

2£4.7vw^fc— o<5DJB7ct-?£M-f5. H 
i>o-OiO®US7nb-^*i0.7V#iettiai$iiS 

14, evi-cWiiifcjWfeii'Cv^xy^^^fcaBW 

LfcLiPF«£ , MMfob LTttJBUfc. 0314, 

aymws'PX'o. lnk/cm^m^^za^xm^ l 

-^7 7^, 8£«PVDFC9fflj£) . U-f-^A^fiis S. 
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(4. 4.7V0)ffiBfcTiaa£SU §4(480mAh/ 

05«iAh/gT*^. £59ffi(4, lffl^Uf-^ASrtttlilfA-r 
!>»£<aSifc8*167iiAh/gJ: 0 i>#£Sh L/tffiH* 1 . M 

mfc*mmtth ; £ w ^ -c&*™-e$>i> i t * 

jSLTH*. 0414, *^Bfl<7)^«LiCoP04C0®— 
;PB<03tSW**LTV>4. ftKli* LiPFe+.X/P*5 

0. ida/ci2 omnto&izii v v^sm Lfc . £ <!omMc7)7t 
MovogBtt, isvs5.3T»ofc. ant, 4.7V 

TOmAh/gt-^.S. 

LiMi-xMexPCU (M:Co, Ni, Mn, Me : Mg, Fe. Ni, Co, 
Mn, Zn, Ge, Cu, Cr) (0gxg0.5) T«§*l*$SMt 

[0ffi<9f£m&lHHJn 

[01 A] ^HJOfeWLiMnPOiCOX^Illtfr^^-^^ 
LT^60T£>£. 

[01 b] ^^otoKUNiPftoxumw^-vfcfi 
[01 c] 3(s»fflo»w.icoPOt<ox«iiWf-' , «^-yt* 

[02 ] #f£0JWtlfJLiCoPO4 7 U v9if*)V?V 

[03] yf-»>AS«a, uf-^AiwwHi, ai^*^ 

BBOJSftKLl CoPOi *» feft 6 iutWi* ^"C=5r & «fi 
[04] >Jf">AS«fi s Uf-^A«HSffi, St^*7l 
J4» ;<50m?ffiSr5.3V^T-7t;mL. lViTifcSS-tbt. 
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[01 A] 




20.00 



40.0C 
28/°(Ka) 



60.00 



[BIB] 




29/°(Ka) 



[lie] 
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IH2] 




[03] 

LiCoP0 4 




[04] 




SS(nAh/g) 
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1- Title : 

" Active material for lithium batteries * 

2- CLAIMS: 

The following are claimed; 

1- An active material of formula UM x _$fcJQ* <M: Co, Ni, Mn)/ 
(Me: Mg, Fe, Ni, Co, Mn, Zn, Ge, Cu, Cr ) having an 
olivine structure for lithium batteries. 

2- An active material in accordance with claim 1 where the olivine 
structure has an orthorhombic symmetry 

3 - An active material in accordance with claim 2 in which the. unit cell 
parameters of the orthorhombic phase are: a=6.11±0.50A, 
b=l(X46±0,50A and c=4.73± 0.50A in the case of LiMnPO*; a= 
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5.86±0.50A, fc=10.07^'0.20A and c=4.68±' 0.50A in the case of 
LiNiP0 4 and a= 5.92*0.50A, b=10.21±'0.50A and c=4.70± 0.50A in 
the case of LiCoP0 4 . 

4- An active material in accordance with claim 2 where the 
orthorhombic symmetry has a space group of Pmnb 

5- An electrode comprises a material in accordance with claim 1 as a 
positive active material for lithium batteries. 

6- A cell comprising a positive active material in accordance with claim 
5, an electrolyte and a negative active material which is Li, Li-alloy, 
Li x SnC>2, carbon materials. 

3- Detailed Description of Invention 

3-1 Description of previous work 

The rapid advance and miniaturization in electronics demand reliable, 
lightweight, high energy density batteries. Lithium batteries are promising 
in this regard as they offer higher voltage and energy density, and longer 
self-life. However, the chemical reactivity of a metallic Li anode with most 
non aqueous electrolytes as well as the safety problems associated with 
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metallic Li has hindered the development of rechargeable lithium batteries 
for several years. Recently secondary lithium batteries have received 
renewed interest with respect to employing a Li-insertion compound as 
anode instead of metallic Li to give the "lithium ion" batteries . This system, 
however, require careful selection of cathode and anode hosts . The layered 
LiMeO, (M: Co, Ni) [Mat. Res. Bull. 15 (1980) 783, I Appl. Phys. 19 
(1980) 305] and the three dimensional spinel oxide LiMn^ [Mat. Res. 
Bull. 18 (1983) 461, Mat. Res. Bull., 19 (1984)179] having a mid discharge 
voltage at about 4V against lithium have become attractive cathode for 
lithium ion batteries. More recently , other type of cathode materials were 
investigated for a possible use in lithium ion system. These compounds are 
composed of Nasicon related 3D framework such as Li x M 2 (P0 4 ) 3 M(Ti } V, 
Fe) and M 1 (S0 4 ) 3 (M: Ti, Fe) [ Solid State ionic 92 (1996) 1]. 

3-2 Summary of the invention 

The invention relates to a new active material of formula LiM^ 
,Metf>04 (M: Co, Ni, Mn), (Me: Mg, Fe, Ni, Co, Mn, Zn, Ge, Cu, Cr ) 
(0^x<0.5) which could be used as positive active material for lithium 
secondary batteries. 
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